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Description 

FIELD OF THE INVENTION 

5 This invention relates to the recovery and purification of chymosin from aqueous mixtures of enzymes, 
particularly aqueous mixtures of enzymes produced by fermentation processes. 

BACKGROUND OF THE INVENTION 

JO Chymosin has been separated and purified using various techniques. For example, calf rennet or rennet 
extracts have been purified using blue dye affinity ligands, as in U.S. Patent 4,666,843 to Subramanian or 
using a cellulose resin columns, as in U.S. Patent 4,745,063 to Birschbach. The same methods have been 
used to recover and purify microbialiy produced chymosin, as in U.S. Patent 4,743.551 to Subramanian and 
U.S. Patent 4.721 ,673 to Uren et al., respectively. The disclosures of these patents are incorporated herein 

75 by reference. 

However, in industrial or commercial scale production of chymosin by microbial activity these methods 
of recovery and purification of chymosin are inadequate. For commercial scale industrial production, more 
efficient, more economical methods of recovering and purifying chymosin are needed. It is also essential 
that such processes be adaptable to economic scale-up for commercial production. 
20 Of particular interest in the industrial microbial production of chymosin is the production of chymosin by 
fermentation of filamentous fungi which have been genetically modified to express and secrete chymosin, 
as disclosed in U.S. Patent Application of Lawlis, et al. Serial No. 163,219 filed February 26, 1988, 
incorporated herein by reference. 

EP-A-1 23,928 discloses inter alia a polypeptide, obtained, by recombinant DNA techniques which 
25 displays milk clotting activity. A description of the purification and recovery of the polypeptide is included. 

It is an object of this invention to provide efficient processes for the separation and purification of 
chymosin from aqueous mixtures of enzymes, particularly aqueous mixtures produced by fermentation or 
other microbial activity and particularly for commercial scale production of chymosin. 

According to the present invention there is provided a method for separating chymosin from an 
30 aqueous mixture of enzymes comprising: 

(a) adding a salt to the aqueous mixture in a concentration sufficient to ensure that chymosin will be 
essentially the only enzyme material which will bind to a phenyl-sepharose resin, and/or reducing the pH 
of the aqueous mixture to less than about 3: 

(b) contacting the aqueous mixture of enzymes with a phenyl-sepharose resin for sufficient time to allow 
35 the chymosin to bind to the resin; 

(c) separating the resin and bound chymosin from the aqueous mixture; and 

(d) eluting the chymosin from the resin. 

The drawing shows the elution of chymosin from phenyl sepharose resin In response to salt concentra- 
tion. 

40 This invention is described in terms of aqueous mixtures of enzymes which contain chymosin. The 
method of this invention is particularly useful with aqueous mixtures of enzymes obtained from microbial 
expression where the chymosin is produced intracellularly or from microbial expression where the chymosin 
is produced in the cells and secreted from the cells. A preferred aqueous mixture of enzymes useful in this 
invention results from the fermentation of microbial expression hosts which secrete the chymosin resulting 

45 in extracellular chymcsiii. The method of this invention may also be used to separate chymosin from 
aqueous mixtures of enzymes obtained from other sources, such as from calf rennet extracts. 

In one preferred method of canning out the present invention, a fermentation broth, such as from 
fermentation of Aspergillus Niger , is treated with sulfuric acid to reduce the pH to about 2. About 1 to 2% 
by weight (based on the weight of the total mixture) of acetic acid is added to stop the fermentation and 

50 effect a substantially complete cell kill. Then ammonium hydroxide is added to bring the pH to about 5.9. 
The mixture then is diluted to about twice its original volume with water and subjected to filtration to remove 
cells debris and other solids. A salt, preferably sodium chloride, is added either before or after the filtration 
to bring the liquid filtrate to a salt concentration of about 2M. The pH is maintained at about 5.9 and the 
liquid filtrate is contacted with a phenyl-sepharose resin column. The chymosin binds to the resin while the 

55 other enzymes and the salt solution pass through the phenyl-sepharose resin column and are disca.''ded. 
The resin column is then washed with 2M sodium chloride and 50mM phosphate to maintain the pH at 
about 5.9. After washing, the chymosin is eluted from the phenyl-sepharose resin column with water or with 
dilute salt solution such as 50mM phosphate. The chymosin is eluted in bulk; there is no need for a 
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gradient or stepwise elutlon, because chymosin is the only predominant enzyme in such mixtures of 
enzymes which binds to the phenyl-sepharose resin. The chymosin produced by this process is substan- 
tially pure and usually food grade, which needs only to be diluted with water, filtered and treated with 
sodium chloride and preservative to conform the product to the desired specifications for sale as a final 

5 chymosin product ready for industrial use. The resin column is then washed with 0.1 M to about 1M sodium 
hydroxide, then washed with water and is reused for another batch of prepared filtrate. 

In another prefenred method of carrying out the process of the present invention, the pH of the 
fermentation mixture is reduced to about 2 with sulfuric acid and about 1 to 2% by weight of acetic acid is 
added to stop the fermentation process and effect a cell kill. In this method, the pH of the mixture is 

10 maintained at about 2 while the mixture is filtered to remove the cell debris and other solids and produce a 
liquid filtrate containing a mixture of enzymes. After the filtrate is obtained from the filtration step, the pH is 
still maintained at about 2 while the filtrate is contacted with a phenyl-sepharose resin column. If desired, 
salts may be added to the filtrate before contacting the filtrate with the resin column. In some cases the 
addition of salt may enhance the binding of chymosin to the resin column. Examples of such salts are 0.5M 

75 ammonium sulfate or 0.5M sodium sulfate. Upon contact of the filtrate with the phenyl-sepharose resin 
column, the chymosin binds to the resin in the column while the other enzymes and the filtrate solution 
pass through the column and are discarded. The phenyl-sepharose resin column containing the bound 
chymosin is then washed with 0.2M sodium chloride solution. While the pH can be maintained at about 2 
and raised to a desired level of about 5.9 after elution, it is preferred that the pH be raised at this point in 

20 the process to about 5.9 with a 0.2M phosphate solution. After the resin column has been washed and the 
pH adjusted, if desired, the chymosin is bulk eluted with water or a weak salt solution, such as 50mM 
phosphate solution. As above, the eluted chymosin is essentially pure and can be used for food grade 
applications. The eluted chymosin is diluted to the desired concentration, sodium chloride and a preserva- 
tive added, and the solution filtered to provide the desired commercial product. Also as above, the resin 

25 column is then washed with 0.1 M to 1M sodium hydroxide and then water to prepare the resin column for 
reuse with another batch of prepared filtrate. 

It. will be recognized that the above descriptions are preferred methods of carrying out the process of 
the present invention and that numerous variations of the above methods can be made in the process 
following the teachings of this invention. The various process conditions can be altered and reagents used 

30 can be changed to provide various desired or optimum operating conditions for recovery of chymosin from 
any suitable aqueous mixture of enzymes containing chymosin. The essential feature of the process 
however, is the use of phenyl-sepharose resin. The phenyl-sepharose resin has been found to be uniquely 
active and selective for binding chymosin from aqueous mixtures containing numerous other components 
and enzymes. Sepharose resins having other functional groups, such as octyl, have not been found to have 

35 the desired chymosin Selectivity. While the scope of this invention is not to be limited or interpreted by the 
following theory, it is believed that it is the phenyl functionality on the sepharose resin which provides the 
high degree of selectivity for the chymosin. The phenyl-sepharose resin has been found to be particularly 
useful in separating chymosin from a fermentation broth because a fermentation broth contains a wide 
range of other components, enzymes, and impurities. In contrast, such complex mixtures interfere with the 

40 action of anion and cation exchange resins, thereby rendering them ineffective in recovering chymosin from 
a fermentation broth. 

it has been found quite surprising in the present invention that chymosin is essentially the only enzyme 
material present in a fermentation broth that will bind to the sepharose resin under low pH and/or high salt 
concentration conditions. Normally, a number of different enzymes and other materials will bind to 

45 sepharose type resins, then the desired-enzyme is recovered as a fraction by sequential, partial or stepwise 
eiutions by gradually changing the pH and/or salt concentration of the eluting liquid. In that standard 
method, each enzyme is eluted at a different time, producing separate fractions, one or more of which will 
contain the desired enzyme to be recovered. Fractional elution also usually produces overiap of the 
fractions produced so that the desired product eiutions may be spread at least partially into adjacent 

50 fractions, which reduces the amount of the total desired product that can be recovered, at least at a desired 
high degree of purity. Such fractional elution processes are not efficient enough for economical commercial 
use in large scale separations. 

In contrast to the above, it has been found in the process of this invention that chymosin is essentially 
the only component of a fermentation broth filtrate that binds to the phenyl-sepharose resin. Consequently, 

55 gradient or fractional elution Is neither necessary nor desired in process of this invention; the chymosin can 
be bulk eluted. This process provides high recovery rates because the phenyl-sepharose resin removes at 
least about 95% by weight of the total chymosin from the fermentation broth filtrate. This process is 
efficient because the chymosin can be quickly eluted from the resin column in one step without the need 
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for fractional eiutions. The resulting chymosin product is at least about 90% by weight pure and can 
prepared for commercial use without further significant treatment to remove impurities. The commercial 
chymosin product is usually diluted to about 5 grams per gallon or about 1.5 grams/l chymosin. the salt 
(usually NaCI) concentration is normally brought up to about 18% and a preservative such as sodium 

5 benzoate is added. The final commercial product intended for food grade use usually is also subjected to a 
final filtration to remove any undesirable solids or particulates that may be present. 

Phenyl-sepharose resins are a well-knov\^n class of resins, also known as cross-linked phenyl-agarose 
resins. "Phenyl-Sepharose CL-4B" is a trademark for cross-linked phenyl-agarose resins of Pharmacia Fine 
Chemicals, AB, and as used herein "phenyl-sepharose" refers to any cross-linked agarose resin having a 

70 sufficient phenyl functionality to effectively bind chymosin from aqueous solution or suspension. 

The phenyl-sepharose resin can be used in particle form in bulk having particle size in a range of about 
40 microns to about 400 microns and can be mixed with the aqueous mixture of enzymes to allow the 
chymosin to bind to the resin. The resin can then be separated from the aqueous solution, then eluted and 
recycled as described above. However, it is preferred that the phenyl-sepharose resin be used in the form 

75 of a packed column where the column contains particles of the resin having a particle size in the range of 
about 40 microns to about 400 microns. 

As will be recognized by those skilled in the art, the acids, bases and salts referred to above in the 
description of the process of this invention can be changed or substituted with equivalent acids, bases or 
salts which provide the desired pH or the desired salt content without interfering the operation of the 

20 phenyl-sepharose resin in this invention and which do not denature the chymosin. Also, as recognized by 
those - skilled in the art, the pH values referred to above can be modified within certain ranges and still 
obtain the desired results. For example, the fermentation broth can be processed and filtered at a pH of 
less than about 6, but it is preferred that the pH be less than about 3 and it is most preferred that the pH be 
maintained in a range of about 2. Likewise, where the pH is preferably adjusted to about 5.9 in the process, 

25 the pH at those points in the process can range from about 5 to about 6 and preferably between about 5.5 
and about 6. Similarly, the concentration of the concentrated salts can be varied to provide the desired 
result. It has been found that the chymosin binds best to the phenyl-sepharose resin in the presence of a 
concentrated salt solution of at least about 1 M and/or when the pH of the aqueous mixture is less than 
about 3. Normally, it is preferred to use sodium chloride because of its low cost; examples of other useful 

30 salts are NaaSOi and (NH*)2S0i. A preferred salt concentration of the solution is about 2M, although higher 
or lower molar concentration of salt in the aqueous mixture of enzymes, for example in the range between 
about 1 M and 2 M, can be effective in binding the chymosin to the phenyl-sepharose resin. In the elution 
step, it has been found that the chymosin can be easily eluted in a single or bulk elution from the phenyl- 
sepharose resin with water or with weak solutions of salt. It is believed that the chymosin binds best to the 

35 phenyl-sepharose resin when ton concentration in a salt solution is high and then is easily eluted when the 
ion strength of the chymosin on the phenyl-sepharose resin is reduced by eluting with water or dilute salt 
solution. 

Having described the present invention in terms of the above preferred methods of carrying out the 
process of this invention and the variations thereof Invention is now illustrated with the following specific 
40 examples. 

EXAMPLE 1 

This example describes a chymosin recovery process to produce food grade chymosin. The chymosin 
45 is recovered from fermentation of an Aspergillus Niger var. awamori . The process is described in terms of a 
3000 I fermenter and a broth harvest volume of about 2500 I. When fermentation is complete, the broth is 
inactivated by pH adjustment to 2.0-2.5 with sulfuric acid and addition of acetic acid. (See U.S. Patent 
Application Serial No. 07/365,945, filed June 13, 1989 by Lawiis et al.. incorported herein by reference.) The 
inactivation conditions are held for 1 hour at the fermentation temperature and with air flow. This inactivation 
50 achieves sufficient viable cell reduction for containment to be broken. After inactivation the pH is adjusted to 
5.5 with ammonium hydroxide.^The inactivation and subsequent pH adjustment will require about 125 kg of 
sulfuric acid, 25 kg of glacial acetic acid, and 80 I of 28% ammonium hydroxide solution. 

The inactivated broth is filtered using a rotary vacuum drum filter. The broth is diluted 2.5 x with 
deionlzed water (2500 I to 6250 1). The diluted material is made 3% wt/vol with Manville Celite 545 and 
55 filtered through a Celite 545 precoat. The cake is washed to increase yields. The filtrate volume should 
equal the starting feed volume. 

The filtrate is polished before the phenyl-sepharose resin contact step by using a two-step pad filtration. 
The filtrate is made 6% wt/vol NaCI and 1% wt/vol HyFIo Super Cel and is filtered through SEN Supra 200 
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filter pads. The first stage filtrate is collected and pressed using Supra 50 pads. No filter aid is used in the 
second stage filtration. 

The clarified filtrate is passed through a TO 1 phenyl sepharose resin column ("FAST FLOW LS.". 40- 
100 micron particle size, from Pharmacia Fine Chemicals, AB). After loading, the column is washed with 3 
5 volumes (30 I) of S% NaCl solution. The column is then bulk eluted with 4 column volumes (40 I) of 50 mM 
sodium phosphate buffer at pH 5.5. The eluted chymosin solution is made 17% NaCI for commercial food 
grade use. 

EXAMPLE II 

70 

Using the same filtrate and phenyl sepharose resin as in Example 1, this example illustrates a gradient 
elution of the chymosin from the resin. 

CONDITIONS: 

75 

11.4 ML PHENYL SEPHAROSE RESIN 
LOADING AND ELUTION AT 5.0 MLVMIN 
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40 



# 


DESC. 


(NH^hSO** 


CHU/L 


VOL(ML) 


TOT. CHU 


TOT. MGS 


1 


START MAT. 


1 


1.62 


5000 


8.10 


105.30 


2 


VOID + WASH 


1 


0.03 


5000 


0.15 


1.95 


3 


CHANGE pH 


1 


0.03 


50 


0.00 


0.02 


4 


FRACTION 1 


1 


0.03 


10 


0.00 


0.00 


5 


FRACTION 2 


0.9 


NA 


10 


0.00 


0.00 


6 


FRACTION 3 


0.8 


NA 


10 


0.00 


0.00 


7 


FRACTION 4 


0.7 


0 


10 


0.00 


0.00 


8 


FRACTION 5 


0.6 


0.12 


10 


0.00 


0.02 


9 


FRACTION 6 


0.5 


0.61 


10 


0.01 


0.08 


10 


FRACTION 7 


0.4 


6.48 


10 


0.06 


0.84 


11 


FRACTION 8 


0.3 


34.04 


10 


0.34 


4.43 


12 


FRACTION 9 


0.2 , 


93.9 


10 


0.94 


12.21 


13 


FRACTION 10 


0.1 


170.1 


10 


1.70 


22.11 


14 


FRACTION 11 


0 


198.4 


10 


1.98 


25.79 


15 


FRACTION 12 


0 


128.9 


10 


1.29 


16.76 


16 


FRACTION 13 


0 


17.34 


10 


0.17 


2.25 


17 


FRACTION 14 


0 


5.37 


10 


0.05 


0.70 


18 


COMPOSITE 




50-02 


140 


7.00 


91.04 


(CHU = Chris. Hansen Unit) 



* Gradient: 2M to 0, as shown on the drawing. 



Total recovery of the chymosin is about 85% by weight. The drawing attached hereto shows the above 
elution of chymosin as a function of ammonium sulfate concentration and illustrates the ease of recovering 
the chymosin in a single elution. 

EXAMPLE 111 

Using a filtrate similar to Example I, the capacity of the phenyl sepharose resin under the following 
conditions is: 



55 



Conditions 


Resin Capacity 
(mg chymosin/l resin) 


2 M NaCI. pH 5.8 

1 M(NHi)2S04.pH 2.0 


3.79 
7.32 
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This example illustrates that the preferred method for practicing this invention is at the low pH. 
Claims 

5 1. A method for separating chymosin from an aqueous mixture of enzymes comprising: 

(a) adding a salt to the aqueous mixture in a concentration sufficient to ensure that chymosin will be 
essentially the only enzyme material which will bind to a phenyl-sepharose resin, and/or reducing 
the pH of the aqueous mixture to less than about 3; 

(b) contacting the aqueous mixture of enzymes with a phenyl-sepharose resin for sufficient time to 
70 allow the chymosin to bind to the resin; 

(c) separating the resin and bound chymosin from the aqueous mixture; and 

(d) eluting the chymosin from the resin. 

2. A method according to Claim 1 wherein the added salt comprises an inorganic salt solution having a 
IS concentration of at least about 1 M. 

3- A method according to Claim 1 wherein the elution step includes the use of a dilute salt solution having 
a concentration of no more than about 0.5M. 

20 4. A method according to Claim 1 wherein the beginning aqueous mixture of enzymes is formed in a 
fermentation step. 

5- A method according to Claim 2 wherein the beginning aqueous mixture of enzymes is formed in a 
fermentation step. 

25 

6- A method according to Claim 1 wherein the resin and bound chymosin are washed before the elution 
step with a salt solution having a concentration of at least about 1 M. 

Patentanspruche 

30 

1. Verfahren zur Abtrennung von Chymosin aus einem waGrigen Enzymgemisch, umfassend: 

(a) die Zugabe eines Salzes zum waGrigen Gemisch, in einer Konzentration, die ausreicht, um 
sicherzustellen, dafl Chymosin im wesentiichen das einzige Enzym-Material ist, das an ein Phenyl- 
Sepharose-Harz bindet, und/oder das Verringern des pHs des waSrigen Gemischs auf unter etwa 3; 
35 (b) das In-Kontakt-Bringen des waSrigen Enzymgemischs mit einem Phenyl-Sepharose-Harz uber 

eine ausreichende Zeitspanne, um zu ermoglichen, daS sich das Chymosin an das Harz bindet; 

(c) das Abtrennen des Harzes und des gebundenen Chymosins aus dem waflrigen Gemisch; und 

(d) das Eluieren des Chymosins aus dem Harz. 

40 2- Verfahren nach Anspruch 1, worin das zugegebene Salz eine anorganische Saizlosung mit einer 
Konzentration von zumindest etwa 1 Mot/I umfaSt. 

3- Verfahren nach Anspruch 1, worin der Elutionsschritt die Verwendung einer verdunnten Saizlosung mit 
einer Konzentration von nicht mehr als etwa 0,5 Mol/I umfaflt 

45 

4- Verfahren nach Anspruch 1. worin das anfangliche waSrige Enzymgemisch in einem Fermentations- 
schritt gebildet wird. 

5- Verfahren nach Anspruch 2, worin das anfangliche waBrige Enzymgemisch in einem Fermentations- 
50 schritt gebildet wird. 

6. Verfahren nach Anspruch 1, worin das Harz und das gebundene Chymosin vor dem Elutionsschritt mit 
einer Saizlosung mit einer Konzentration von zumindest etwa 1 Mol/1 gewaschen werden. 

55 Revendications 

1. Methode de separation de la chymosine d'un melange aqueux d'enzymes consistant a : 
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(a) ajouter un sel au melange aqueux a une concentration suffisante pour garantir que la chymosine 
sera essentiellement la seule enzyme qui se liera a une resine de phenyl-sepharose, et/ou reduire le 
pH du melange aqueux a moins d'environ 3; 

(b) mettre le melange aqueux d'enzymes en contact avec une resine de phenyl-sepharose pendant 
5 un temps suffisant pour permettre a la chymosine de se lier a la resine; 

(c) separer la resine et la chymosine liee du melange aqueux et 

(d) eluer la chymosine de la resine. 

2. Methode selon la revendication 1 ou le sel ajout^ comprend une solution d'un sel inorganique ayant 
70 . une concentration d'au moins environ 1M. 

5. Methode selon la revendication 1 ou I'etape d'elution comprend rutilisation d'une solution d'un sel dilue 
ayant une concentration de pas plus d'environ 0,5M. 

75 4. Methode selon la revendication 1 ou le melange aqueux d'enzymes de depart est fonme k une etape 
de fermentation. 

5- Methode selon la revendication 2 ou le melange aqueux d'enzymes de depart est forme dans une 
etape de fermentation. 

20 

6. Methode selon la revendication 1 ou la resine et la chymosine liee sent lavees avant I'etape d'elution 
avec une solution de sel ayant une concentration d'au moins environ 1 M. 



25 
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